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Sb%_RY

An investigation of the effect of beam loading on impact loads and

motions has been conducted in the Langley impact basin. Water impact

tests of flat-bottom 5-inch- and 8-inch-beammodels having beam-loading

coefficients CA from 62.5 to 544 and a 50 ° dead-rise 5-inch-beammodel

having beam-loading coefficients from 208 to 530 are described and the

results analyzed to show trends of these heavy-beam-loading data with

initial flight-path angle, trim angle, dead-rise angle, and time through-

out the impact. Data from flat-bottom model tests, C_ = 4.4 to 36.5,

and from 50 ° dead-rise model tests, C_ = 0.58 and 18.8, are included,

along with the heavy-beam-loading data; and variations of these data

with beam-loading coefficients are shown. Each of the load and motion

coefficients is found to be directly proportional to a power factor of

C_. For instance, the maximum impact_ lift coefficient CL,ma x is found

to be directly proportional to CZSv'33 for the flat-bottom model add

C# "45 for the 50 ° dead-rlse model. These variations of CL,ma x with

C_ are found to be in agreement with theoretical variations.

Finally, an empirical equation for the prediction of CL,ma x is

presented and is shown to give good agreement with experimental CL,ma x

for about 500 fixed-trim smooth-water impacts. The range of variables

included dead-rlse angles from 0° to 50 °, beam-loading coefficients

from 0.48 to _44, trim angles from 3° to 45 ° , and initial flight-path

angles from about 2° to about 27 °.

INTRODUCTION

At the Langley impact basin a program has been under way to deter-

mine the effects of model configuration on water impact loads and motions

of chine-immersed bodies for a range of landing conditions. This program

has included investigations of the effects of longitudinal and transverse
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shape, including curvature and dead rise, at beam-loading coefficients
up to 56 (refs. 1 to 6). Narrow hydro-skis ha_ng very high beamloading
have becomeof interest for applications requi_ing impact-load allevia-
tion, for example, on hlgh-speed water-based a_rcraft. Therefore, an
investigation of the effect of very high beamLoading on water impact
loads and motions has been made, and the results are reported herein.

In order to extend the range of beam-loading coefficient CA
above 36, water-landing tests of 0° and 50° dead-rise narrow-beammodels
were conducted. A 30° dead-rlse 5-1nch-beammodel was tested with CA
from 208 to 550, and flat-bottom (0° dead rise) 5-inch- and 8-inch-beam
models were tested with CA from 62.5 to _4. Time histories of the
loads and motions were measuredas the models Impacted at fixed trim on
smoothwater.

In this report the tests of the narrow-beammodels are described
and the results are analyzed to showtrends of these high beam-loading
data with time, initial flight-path angle, and dead-rise angle. Data
are then included for beam-loading coefficients from 0.58 to 544, and
variations of impact loads and motions for this range of beam-loading
coefficients are shown. Theoretical variations of maximumimpact lift
coefficient with beam-loading coefficient are shownand comparedwith
the experimental variations. Finally, an empirical equation for the
prediction of maximumimpact llft coefficient is developed and compared
with a large amount of experimental data.
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SYMBOLS

b

FV

g

_cp

My

ni

t

model beam, ft

vertical component of resultant hydrodynamic force normal

to undisturbed water surface, lb

acceleration due to gravity, 32.2 ft/sec 2

distance from step-keel point to c_nter of pressure, ft

pitching moment about the step-kee] point, ft-lb

impact-load factor normal to undisturbed water surface,

time after water contact, sec

FWw



V

W

i

£

7

P

1"

CL

Cd

Ct

c_

C m

Ccp

resultant velocity, ft/sec

dropping weight, ib

velocity of model parallel to undisturbed water surface,

ft/sec

draft of step-keel point normal to undisturbed water surface,

ft

velocity of model normal to undisturbed water surface, ft/sec

dead-rise angle, deg

flight-path angle, relative to undisturbed water surface, deg

mass density of water, 1.938 slugs/cu ft

trim angle, deg

impact lift coefficient,
FV

 Vo2b2

draft coefficient, z/b

time coefficient, Vot/b

vertical-velocity coefficient, Z/Zo

pitching-moment coefficient, 21_QVoRb3

_cp
center-of-pressure coefficient, --

b

CA
beam-loading coefficient, W

Subscripts:

O instant of initial contact with water surface

max maximum



APPARATUSANDTESTPROCEDURE

These tests were conducted in the Langley impact basin which is
described in reference 7 along with its basic instrumentation. The
equipment consists of a catapult, a testing carriage to which the model
is attached, associated instrumentation for measuring loads and motions
of the model, and an arresting gear. The model is attached to the car-
riage at all times by a boommountedon a parallel linkage which permits
the model to move freely relative to the carriage in the vertical
direction.

Models

Drawings and pertinent dimensions of the three models used in these
tests are shownin figure l(a), and photographs of the models mounted on
the impact basin carriage are shownin figure l_b). The models were
basically of sheetmetal construction and were designed so that any deflec-
tion under load could be considered negligible. The chines were sharp
enough to insure flow separation, and the parts of the models above the
chines therefore had no effect on the test results. The nose shapes
were determined by operational considerations _d had no effect on the
test results.

The 30° dead-rise model was 14 feet in overall length with a beam
of 5 inches. In plan form it had a transverse step, a prismatic section
12 feet long, and a nose 2 feet long which tapered to a point. A
Fiberglas covered woodenbottom with a constant 30° dead-rise angle was
attached to the sheetmetal body. With this model the range of CA
covered was 208 to 530.

The flat-bottom 5-inch-beam model consisted of the samesheetmetal
body used in the 30° dead-rise model with a flat steel sheet replacing
the woodendead-rise bottom. With this model a range of CA from 208
to 544 was covered.

The flat-bottom 8-inch-beammodel was usea to cover a range of CA
from 62.5 to 133.7. This model had a rectangular plan form, a 12-foot-
long flat bottom, and a 1-foot-long pulled-up zose giving an overall
length of 13 feet.

Instrumentation

The instrumentation for each test consisted of an accelerometer, a

dynamomeber, a water-contact indicator, and electrical pickups for
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measuring displacements and velocities. The data from these instruments,

together with timing at intervals of O.O1 second, were recorded on a multi-

channel oscillograph.

Accelerations were measured in the vertical direction by unbonded

strain-gage-type accelerometers. For each test the range of the accel-

erometer and the flat frequency response of the circuit incorporating

the accelerometer were as follows:

Model Accelerometer

Beam, in. Range, g Frequency, cpsB, deg

3O

0

0

5

5

8

±2

4-_2

±3

13

4O

13

Pitching moments My about the step were obtained from a strain-gage-

type dynamometer mounted between the model and the carriage boom.

(Moments were measured about the front attachment point and were trans-

ferred to the step.) Moments due to the acceleration of the mass below

the dynamometer were calculated and were found to be negligible.

Model contact with the water was indicated by means of an electric

circuit completed by the water. Horizontal and vertical displacements

were obtained from a photoelectric cell and slide wire, respectively,

as described in reference 7- Vertical velocity of the model was deter-

mined by electrically differentiating the displacement measured by the

slide wire.

In general, the apparatus used in the tests yields measurements

that are believed to be correct within the following limits:

Horizontal velocity, ft/sec .................. _O.5

Vertical velocity, ft/sec ................... i_.2

Vertical displacement, in ................... ±O.2

Acceleration, g ........................ _O.05

Weight, Ib .......................... _i0

Time, sec ........................... ±0.002

The time at which maximum values occurred is less precise than the

_0.002 second given in this table because of difficulty in choosing the

point at which the maximum occurred, although the time of the chosen

point can be determined within ±0.002 second.
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Test Procedure

A series of impacts were made, at fixecL trim in smooth water for

a range of trim, velocity, flight-path anglc_, and dropping weight. The

dropping weight ranged from 933 pounds to 2_472 pounds, beam-loading

coefficient from 62._ to _, trim angle from 3° to 30 U, and initial

flight-path angle from about 2° to about 20 °. The resultant velocity

at contact ranged from about 30 feet per second to about 90 feet per

second. Throughout each impact a force equal in magnitude and opposite

in direction to the total weight of the model and drop linkage was

applied to simulate wing lift. A summary oi" the flight-path angles

covered at each test condition of trim and beam loading with each model
is presented in table I.

RESULTS

The results of the tests of the heavy-beam-loading models are pre-

sented in tables II to IV. Data from tests of the 5-inch-beam 30 ° dead-

rise model are presented in table II as basic measured quantities, and

in table III in coefficient form. Basic measured quantities and coeffi-

cient data from tests of flat-bottom 5- and 8-inch-beam models are pre-

sented in table IV. Data are presented in these tables for the instants

of maximum lift, maximum moment, maximum draft, and exit during rebound.

Typical variations of very high beam-loading water-impact data with

time and with initial flight-path angle are presented in figures 2 and 3.

In figure 2 typical time histories of coefficients of impact lift, moment,

velocity, draft, and center of pressure are shown for three flight path

angles for the 30 ° dead-rise model at l_ ° trim, and beam-loading coeffi-

cient of 208. It can be seen that the load and moment have been very

gradually applied and have sustained flat peaks especially at the lower

flight-path angles. These flat peaks, alon_ with small superposed

instrument or structural vibrations which ha_e been faired out, made
determination of the time of the peaks somewaat uncertain. Because of

this uncertainty, more scatter appears, in general, in those coefficients

which are read at the time of a peak of some other quantity. In figure 3

typical variations of coefficient data with Initial flight-path angle

7o are shown for the instants of maximum imgact lift, maximum moment,

maximum draft, and exit during rebound. The data presented are for a

dead-rise angle of 30 °, a beam-loading coefficient of 208, and a trim

of 9 ° . Coefficients of impact lift and momeat are shown to change very

little (generally about l0 percent for the trims and beam loadings of

these tests) between the instants of maximum lift and maximum moment.

This small change can be explained by observing that the maximums occur

at nearly the same time. In figure 3, when Ct is plotted against 70,
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maximum moment occurs slightly after maximum lift. Also, in figure 2,

it is observed that the rates of change of these coefficients are small

in the region of their maximums. The variations shown in figures 2

and 3 are similar in character to those shown in references 1 to 6 for

beam-loading coefficients from 4.4 to about 36.0. This similarity indi-

cates that no change of trends with initial flight-path angle occurs

even with large changes of beam loading.

DISCUSSION

Effect of Beam Loading

The changes of the load and motion coefficients caused by a change

of beam loading can be seen from figures 4 and 5, where variations of

the coefficients are shown as functions of time (fig. 4) and of initial

fllght-path angle (fig. 5) for a range of beam-loading coefficients.

Included in these and subsequent plots are data for beam loadings

obtained from previous investigations (refs. 1 to 6 and 8 to ll). Time

histories of CL, Cm, Cd, and C_ are presented in figure 4 for the

30 ° dead-rise model at a trim of 15 ° and CA of 208 and 530. Variations

of the coefficients with initial flight-path angle are presented in fig-

ure 5 for 30 ° dead-rise models at a trim of 15 ° and CA of 0.58, 18.8,

300, and 530. Both figures show noticeable increases with increasing

CA of all the coefficients except C_ in figure 5.

Beam-loadin_ reduction factors.- Analysis of the experimental data

indicated that for a given dead-rlse angle, fllght-path angle, and trim

angle, each of the coefficients is proportional to cAP , where the value

of the exponent p depends on the coefficient under consideration and

the dead-rlse angle 6. Values of p were determined by empirical

trial and error means and are given in the following table:

Coefficient

Impact lift coefficient, CL .............

Pitching-moment coefficient, Cm ...........

Draft coefficient, Cd ................

Time coefficient, Ct .................

Vertical-velocity coefficient, C_ ..........

cAP factors

= 0o _ = 30°

c233 °o.45
ca cA

cO67 cO5 

c#6 c#55

cO 0o
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Figure 6 shows the time histories preser_ted in figure 4 reduced by

the appropriate cAP factor. From this flgt_e it can be concluded that

CAP factors reduce the coefficients to substantially a single variation

at least to the stage of maxlmumdraft. Fi_e 7 shows reduced data for

a 0° dead-rlse model at trims of 3°, 6° , 15 °, and 30 ° , initial flight-

path angles from 2° to about 22 °, and beam-loadlng coefficients from 1

to 944. Figure 8 shows data for a 30 ° dead-rlse angle at trims of 6°

9 °, 15 °, and 30 °, initial fllght-path angles from about 2° to about 27 °,

and beam loading coefficients from 0.58 to 550. It may be concluded

from figures 7 and 8 that the empirically de_rlsed factors reduce the

data for a large range of beam-loadlng coefficients to essentially a

single variation for each trim angle.

In figure 9 the empirically determined trends of CL,ma x with CA

are compared with trends predicted by the theory of reference 12. Maxi-

mum impact llft coefficient is shown for 0° and 30 ° dead-rise angles,

CA from 1 to 600, trim of 15 °, and fllght-path angle of 20 °. As shown

by figure 9, the trend of CL,ma x with CA predicted by reference 12

is not a simple power function of C2_ howev,_r, for the range of CA

shown, a simple power function is a good app_oximation. The empirically

determined trends are seen to approximate th._ theoretical curves rea-

sonably well, so that agreement between the sheoretical and empirical

trends with beam loading is indicated.

Lift reduction due to dead rise.- The effect of a change of beam

loading on the reduction of lift caused by an increase of dead-rise

angle can be seen from figures 9 and lO. The theoretical curves of

figure 9 show that an increase of dead-rise ;_ngle from 0 ° to 50 °

decreases the maximum impact lift coefficien_ by about 30 percent at

CA of 19 and by about 20 percent at CA of 530. In figure lO experi-

mental maximum impact lift coefficient is sh)wn for 0° and 50 ° dead-rise

angles at CA of 18.8 and about 550. The e(perimental data of figure l0

show that an increase in dead-rise angle fran 0° to 30 ° decreases maximum

impact lift coefficient by about 35 percent _t CA of 18.8 and by only

about 15 percent at CA of about 530. It m_y be concluded therefore

that the importance of dead-rise angle variabions as a means of varying

impact llft decreases as beam loading increa3es.

Empirical CL, max Equa tion

The large amount of experimental data covering large ranges o_

trim, dead rise, flight-path angle, and beam loading available in
tables I'T and IV and in references 1 to ll suggested the possib_



of establishing empirically an equation for the prediction of maximum
impact lift coefficient CL,max. A form which maybe assumedfor such
an equation can be inferred from figures 8 and 9. The CL,max curves

of figure 8 indicate that CL,max maybe considered as proportional to
(7o)s, where the constant of proportionality and the exponent s both
depend on the trim angle _. The curves of figure 9 indicate that
CL,max is proportional to CAP, where this constant of proportionality
and the exponent p depend on the dead-rlse angle _. Based on these
considerations, an equation has been assumedin the following form:

CL,max = fl(T)f2(_)7of3(T)Cf 4(_)

Analysis of the experimental data yielded the following empirical
expressions for the unknownfunctions:

fl(_) = 0.012> + 0.000963v

f2(_) = 1.0 - 0.0806G0"56

f3(T) : 1.8 - o.egT°'3

f_(_) = 0.353 + 0.O141_0"966

In figure ll, CL,ma x predicted by this equation is compared with

experimental CL,ma x for about 500 fixed trim, smooth-water impacts.

The range of variables includes dead-rise angles from 0° to 30 °, beam-

loading coefficients from 0.48 to _44, trim angles from 3° to 45 °, and

flight-path angles from about 2° to about 27 °. Figure ll shows that the

empirical equation gives values of CL,ma x generally within about

19 percent of the experimental value.

CONCLUSIONS

An investigation of the effect of beam loading on impact loads and

motions has been conducted in the Langley impact basin. Landing impact-

loads data were included for 0 ° dead-rise models havim_beam-loading

coefficients CA from 1 to 544 and 30 ° dead-rise models having beam-

loading coefficients from 0.98 to 930; the following conclusions were
reached:

i. The following beam-loading coefficient CA factors were found

to reduce the data to essentially a single variation with initial flight-

path angle for a given trim angle T and dead-rlse angle, _:
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Coefficient

Impact lift coefficient, CL .........

Momentcoefficient, Cm ...............

Draft coefficient, Cd ................

Time coefficient, Ct ................

Vertlcal-veloclty coefficient, C{ ......

cAP factors

=0 O

CA0.53

CA

C#" 67

CA0.67

cO

13 = 50 °

cO .45

CA

czO. 59

C0- 99

c#

2. The importance of increasing dead-rise angle as a means of

reducing impact llft is sho_i theoretically and experimentally to decrease

as beam loading increases. Experimentally, an increase of dead-rise angle

from 0° to 30 ° is shown to decrease maximum impact llft coefficient by

about 59 percent at a beam-loadlng coefficient of 18.8 and by only about

19 percent at a beam-loading coefficient of about 550.

9. The following equation for the predict;Lon of maximum impact lift

coefficient CL,ma x was determined empirical_, and was shown to give

good agreement with experimental data over a rILnge of dead-rise angle

from O° to 30 ° , trim angle v from 3° to 49 °, beam-loading coeffi-

cient CA from 0.48 to 544, and initial flight-path angle 7o from

about 2° to about 27°:

CL,max = fl(_)f2(_)7of3(_)c2%(_)

where

fl(v) = 0.0129 + 0.000965_

f2(_) = 1.0 - 0.0806_0'96

f3(_) = 1.8 - o.29T°'3

f4(B) = 0.55_ + 0.0141_0"_;6

Langley Research Center,

Natiooal Aeronautics and Space Adminlstracion,

Langley Field, Va., October i, 1958.
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TABLEI.- SUMMARYOFTESTCONDITIONS

T, deg C_ I W, ib 7o, deg

= 50 °} b = 5 in.

3
6

9

9

19

15

15

15

3o

3O

2O8

2O8

2O8

53O
2O8

500
4OO

53O
2O8

550

933

935

933

2,350

935

1,515

1,767

2,350

953

2,550

__.48 to 8.06

__.64 to 12.36

5.16 to 17.88

2.52 to i0.00

2.62 to 20.55

5.21 to 18.54

5.15 to 13.29
2.16 to 12.04

-_.75 to 20.91

)_.22 to 12.97

= 0°; b = 8 in.

3

3
6

6

6

15

15

15

15

30

30

30

62.5

133-7

62.5

lO3.4

133.7

62.5

85.1

103.4

133.7
i

62.5

135.7

1,156

2,472

1,156

1,912

2,472

1,156

1,574

1,912

2,472

1,156

2,472

-).29 to 7.38

L.97 to 5.45

-_.54 to 10.31

-).65 to i0.13

_).26 to ii.71

-_.55 to 20.o6

-_.37to 18.81

-_-55 to 17.51

_-.48 to 19.58

5.59

-_.54 to 21.79

-_.48 to 18.95

= 0°; b = 5 in.

6

6

15

15

2O8

544
2O8

544

933

2,455
953

2,455

:-_.71to 14.80

]i.13 to 8.08

_-_.85to 15.66

!i.17 to 16.04
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TA]B¢_ II.- BASIC RBASUR_) QUAMTITIES ImR(]M TESTS OF A 5-IIqCR-BEAM, _O O DFAD-RIBE

At contact At meu(l_ lo_1 At maximum moment At mmx_ draft At exit

fl_S fpS f'pS deg sec nl ft ft fps sec b nl ft fl:)e 8ec ft; - b sec fpa

7 = )0; W , 933 ib

87.7 3.8 87.8 2.48 0.13 0.38 1,402 0.41 2.7 0.23 l,�k_ 0.39 0.60 1.9 0.41 0.72 0.08 _62 ..........
?5.8 3.? 75.8 2.76 .14 .31 1,272 .43 2.6 .23 1,8_i .31 .99 i.? ._0 -72 -20 936 ..........

69.0 4.6 69.1 3.76 .ik .40 1,979 .52 3.0 .22 2,963 .38 .71 2.0 ._, .91 .27 1,231 ..........

69.0 5.8 69.2 4.82 .10 -97 3,619 .52 4.3 .15 4,281 .96 .70 3.5 .43 1.18 .31 1,714 ..........

62-1 6.0 62.4 9.9A .14 .56 3,678 .60 4.4 .14 3,678 .96 .72 3.8 .47 1.27 .28 598 ..........

_.8 6.0 55.1 6.26 .11 .53 2,76A .58 4.3 .14 3,233 .51 .70 3.9 .49 1.30 .29 8_

51.2 7.8 51.7 8.O6 .12 .66 4,855 .68 9.4 .12 4,855 .66 .73 5.2 .41 1.53 .W_ 1,949 ..........

7 = 60; W = 933 ib

85.9 3.9 89.6 2.64 0.17 0.49 1,743 0.49 2.0 _0.17 1,743 0.49 0.49 2.0 0.32 0.63 0._ 1,07882.0 3.8 82.1 2.74 .18 .45 1,49? .57 2._ ._ _,59o .43 ._ _.2 .35 .72 .28 s_? -----I_'.-_--_-
99.9 10.6 60.4 6.05 .15 .57 4,9@4 .97 6.2 .23 5,518 .5_ 1.22 3-7 ._ 1.38 .32 3,502 ..........

56.o 7.7 96.6 7.81 .14 .76 3,747 .95 5.3 .23 4,330 .67 1.50 3.1 ._, 1.99 .33 1,700 ..........

61.9 9-7 62.7 8.93 .13 1.07 5,487 1.O7 6.3 .16 6,630 1.o) 1.23 9.2 .42 1.77 .43 2,288 ..........

61.9 10.3 65.3 9.09 .13 1.18 6,_6 1.10 6.9 .17 7,b,62 1.10 1.56 9.3 .39 1.86 ._,8 e,_89 ..........

52.6 9.4 53._ 1o.o9 .14 _ 4,_m, 1.o5 6.5 .17 5,4_ .89 1.24 5.5 .47 1.93 .... 1,889 ..........
52.6 1o.7 53.7 11.48 .14 llw 6,489 1.2_ 6.7 .17 7,017 .99 1.42 5.9 ._0 2.05 .... 4,_o9 .........

48.8 lO.6 &9.9 12.27 .15 1.04 6,88o 1.27 6.9 .18 7,080 .98 1.45 6.0 .41 2.14 .... 5,031 .........

42.7 9.4 43.8 12.36 .17 .81 5,002 i._ 5.8 .19 3,185 .8o i._ 5.5 .45 2.12 .... _,927 ..........

T = 90; W . 933 Ib

86.2 4.7 86.3 3.16 0.17 0.65 1,751 0.60 2.1 0.17 1,751 0.69 0.60 2.1 0.29 0.71 0._0 i,_39

75.2 8.4 75.7 6.36 .19 .98 3,613 .99 4.6 .22 3,763 .87 1.20 2.4 .}0 1.29 .61 2,478 -----I-------

62.1 10.6 63.0 9.64 .13 1.15 4,2_q 1.13 6.9 .21 5,675 1.0_ 1.94 4.0 .36 1.79 .57 3,475 ..........

52.1 8.9 92.8 9.69 .19 .84 3,2_ 1.13 5.8 .22 ),716 .75 1.47 4.2 .h3 1.81 .40 2,291 ..........

4_.6 9.9 _J*.7 12._ .17 .81 3,805 1.31 6.5 .23 4,121 .78 1.62 4.7 .45 2.09 .42 2,286 ..........

_.8 10.6 46.1 13.29 .14 .96 3,781 1.22 7.4 .23 4,857 .82 1.75 4.9 .h6 2.21 .41 2,425 ..........

33.8 8.6 _.9 14.26 .19 .62 2,7_ 1.28 5.4 .26 2,962 .57 1.99 4.0 .55 2.08 .33 l,&O8 1.63 -1.55

39.2 10.5 _.2 15.04 .13 _.6& 3,671 1.20 7.7 .22 5,058 1.48 1.76 9.1 .49 2.)0 .77 2,_43 1.39 -2.53

33.3 10.8 35.0 17.88 .14 .83 3,499 1.29 7.9 .2_ h,497 .73 1.91 5.3 .51 2.52 .... 2,371 ..........

= 90; W = 2,390 ib

86.2 3.7 186.3 2.52 0.28 0.29 2,20810.7912.1 0.39 2,_2 0.28 0.930.7 0.49 0.9? 0.24 2,083 .........

74.1 5.7 _-) 4.40 .25 -39 4,310 1.18 3.4 .32 4,999 .39 1.38:2.6 .51 1.69 .29 4,097 .........

67.1 6.0 67.4 5.10 .27 -_ 15,_3:1.22 3.3 ....................... 61 1.77 .... 18,637 ..........

68.9 7.8 68.9 6.47 .26 .53 7,491 1.634.9 .36 8,21_0 .49 I-.99 ).2 .97 2.33 .... 7,358 ..........

9%3 8.4 97.9 8.29 .27 .48 7,29_ 1.8_ 5.4 .33 7,820 .46 2.09 4.4 .61 2.70, .... 7,297 ..........

6).5 9.7 64.2 8.6) .24 _ 10,133 1.88 6.1 .27 10,788 .63 2.O6 5.6 .5) 2.8O .... 10,915 .........._.4 10.0 97-3 lO.O0 .23 [ 9,@02 1.86 6.9 ...................... 57 _2.9_ .... 2,_ ..........

- 1.5°; W = 933 ib

85.5 3.9 85.6 2.62 0.130.67 1,8o2, 0.41 2.1 0.16 1,477 0.67 0._6 1.6 0.22 0.51 0.63 1,711 0._3 -2.&

8).0 3.9 83.1 2.71 .16 .67 1,313 ._, 1.6 .16 1,313 .67 ._ 1.6 .25 -49 ._ 462 .95 -2.0

81.3 k.2 81.4 2.94 .17 .62 1,537 .48 1.7 .23 1,467 .62 ._, -5 .25 .9_, .57 1,706 .58 -2.3
87.0 5.3 87.1 3-_ .16! .89 1,499 .59 2.6 .18 1,6_ .8_ .62 1.5 .25 .66 .71 1,098 .55 -3.1

83.3 6.2 8_.6 4.20 .16 .94 1,816 .79 2.8 .22 1,675 .92 .81 1.2 .25 .85 .82 1,937 .58 -3.6

%.6 8.2 75.1 6.26 .15 1.o4 2,571 .85 4.1 .23 2,985 .96 i.o? 1.5 .27 1.10 .85 2,5)2 .71 -3.9

75.8 8.4 76.2 6.35 .16 1.19 1,725 1.05 4.1 .16 1,725 1.15:1.05 &.l ._ 1.26 ._ 1,479 ..........

73.5 8.8 74.1 6.87 .18 1.20 3,O65 1.15 3.4 ._2 3,191 1.1o 1._ 1.9 .28 1.28 .85 2,16_ .70 -3.6

69.k 8.4 70.0 6.89 .1.6 1.09 1,31.? i.o6 4.3 .23 777 1.02 1._ 1.8 .28 1.28 .85 1,201 .7% -_.1

56.8 7.2 57.3 7.27 .18 .8O 1,375 1.o3 3.9 .23 99o -79 1.18 2.9 .33 1.29 -57 65) .88 -3.0

62.5 8.8 63.1 8.05 .16 1.O6 1,128 1.12 4.8 .21 843 1.03 1._O 3.1 .31 1..46 .79 701 .82 -).9

52.0 8.4 92.6 9.22 .16 .89 965 1.10 9-3 .23 40_ .8_ 1._0 3.5 .37 1.60 ._ 199 1.02 -3.0

61.7 10.1 62.6 9.27 .15 1.24 3,666 1.25 5.8 .22 4,146 1..11 1.54 3.1 .]2 1.68 .82 2,817 .86 -3.7

62.1 10.2 63.0 9-39 .17 1.28 996 1.38 5.1 .2b, 180 1.10 1.62 2.7 .32 1.70 .8_ 9 .S& -&.l

62.1 10.6 65.0 9.69 .13 1.2_ 2,138 1.19 7.0 .20 723 1.20 1.90 3.8 ._i _.68 .8_ 391 .Be -&.4

61.9 10.7 62.8 9.81 .15 1.25 3,790 1.]4 6.4 .oo _,276 1.19 1.69 _.6 .]4 1.88 -7] 2,611 ..........

i9.2 10.4 60.1 9.92 .15 1.2_ 4,038 1.25 6.1 .22 4,515 1.15 1.55 3.5 .3_ 1.72 .68 2,7O6 .95 -3.3

61.5 10.8:62.5 9.9? .15 1.24 3,826 1.32 6.0 .22 4,_18 1.13 1.64 3.2 ._ 1.81 .70 2,_69_5 lo6 _,, looo 15 11o 16,7_ 119 63 ........................ _, 165 65 o,_--_; "_-;"
61.0 11.1 62.0 10.)0 .16 1.28 4,638 1.31 6.3 .2& 5,073 ",.1_ 1.68 3.1 .32 1.80 .87 3,981 .90 -k.3

_2.0 10.6 !53.0 ll._J_ .15 1.10 989 1.33 6.6:.22 208 l.O_ 1.70 4.2 .39 1.98 .60 35:1.05 -3.4

9o.o 1o.9 i51.2 L2.29 .15 1.12 3,392 1.35 7.0 .23 3,_7 1..00 1.77 4.2 ._0 2.07 ._ 1,75911.19 -2.8

48.0 11.3 149.3 13.25 .12 1.18 3,339 1.27 8.6 .19 4,405 1.15 1.7_ 5.9 .39 2.2_, .66 2,912 1.19 -3.0

43.5 10.5 I_,.7 15.69 .19 .97 592 1.60 5.9 .23 47 -99 1.80 4.7 .4b, 2.22 .49 19 1.50 -_}.i

42.1 10.8 43.5 14.29 .16 1.02 2,_-2 1.42 7.2 .18 3,281 1.01 1.,56 6.8 ._, 2.28 .90 1,892 1.43 -2.3

43.5 11.4 45.0 14.69 .17 1.1_, ),869 1.68 7.1 .19 4,067 1.07 1.81 6.4 .&l 2._, .89 2,786 1.37 -2.5

)8.9 11.5 _o.6 16.48 .16 1.o5 ),517 1.56 7.7 .31 3,991 .8_ 2._ 3.2 .&5 2.92 49 2,5, 48_.2 10.7 _.a 16.95 .20 ._. m'_ 1.70 _.8 .23 e_ ._ 1._e 5.9 .90 2.._ [_ _0 _.'_ -'_1_
_).7 10.4 35.2 17.20 .16 .83 &09 1.47 7.2 .P_I 58 .82 1.79 6.2 .51 2.57 .41 255 1.67 -2.1

_.I 11.5 36.0 18.61 .17 .99 3,622 1.69 7.9 .2& 4,0_3 .90 2.1& 5.8 .48 2.76! .91 2,922 1.6_-2.0

28.7 10.8 90.7 20.55 .16 .76 4e0 1.90 7.6 .2_ 220 .71 1.99 6.0 -57 2.81 I .35 94 1.86-1.7
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TA]K_ II.- BASIC MEASURED QUANTITIES FROM TESTS OF A 5-INCH-BEAM, 30° DF_AD-RISE MODEL - Concluded

At contact

!Xo, l_o,

!£ps I:L_s

76.31 7.2
66.4110.5
59.9110,8

52.9110.3
42.2!10.5
37.6 ilO .4

32.9 11.o

85.51 4.7
74.91 4.7

7o.41 6.1

45.21 _.9
66.oi 7.9
48.21 6.1

50.81 7.8
63.7110.9

36.81 6.4

51.31 9.7
48.31 9.6

_.61 9.6

41.21 9.7

86.2 } .2
87.o 3.5

80.6 3.6

76.6 5.0

78.z 5.0

72.7 5.5
71.7 518

67.8 7.1

45.7 4.9
67.8 7.6
60.6 8.2

63.5 9.6

61.7 9.7
_,.4 9.8
49.1 9.9
45.9 9.8

80.31 3.8
75.21 8.2
63.1110.6
45.7110.1

53.51 10.7
27.91 1o .7

87.01 }.5
78.11 4.8

68.51 8.5

62.11 9.6

55.2I 9.7
_,9.01 9.8

45.51 i0.0

At maximum load At maximum moment At maximum draft _ At .*xit

II E! I 1IVo, I ;o, 't, My,I z. z, It, _, z, !z, It, z, I_, t, [_.
8ec ni

IfPs I deg 'nl Ift-lbl ft fpslsec ft-lbL I ft ifps sec ft ft-lb sec I fp,I

= 15°; W = i,}15 ib

78.2 5.21 0.19 0.52 _,_5010.65 2.3 ).2211,ii010._0!0.70!1.7 0.34 0.78_.39 48} ........

76.7 5.42 .16 .91 3,4001 .98 4.2 .2313,3801 .&5 1.2o 2.3 .31 1.291.67 2,6A7 ........

67.2 8.76 .21 i.I0 9,81411.67 4.8 .2115,81411.i01.67 4.8 .3712.021 .7314,252 ........

60.8 10.19 .15 1.02 4,75511.37 7.3 .2416,1581 .!.81.91 4.6 .41 2.271 .6414,660 .... I....
53.9111.00 .21 .90 5,01411.79 5.8 .2115,o141 .!0 1.79 5.8 .46 2.44 .51 },_2 ........

43.4113.73 .29 .71 4,60312.31 4.8 .3615,16_I ._8 2.59 5.6 .5712.881 .3%12,9821 .........

39.0115.42 .21 .71 4,00&Ii.90 6.9 .3015,i081 .'i 2.44 4.9 .58 5.091 .... 15,1231.... I....
_.7118.54 .25 .65 3.881|2.11 7.5 .3514,9781 A1 2.80 4.5 .62 3.36 .... 3,086 ........

7 = 19°; W = 1,767 ib

165.63.1510.26o.5111. 1o. I1. 0.352,o5o o.971o.31o.36
175.1 3.591 .24 .45 ...... .8812._- ..................... I .58
170.7 4.941 .24 .9512,90511.1812.9 .32 3,195 .:_ 1.3611.7_ .4.-
14-5.5 6.091 .34 .25, ui'-,11.3912.8 .59 950 .[_ 1.4712.51 .be
I_,b.b 6.841 .23 .6415.74611.4314.7 .3} 4,307 AC 1.7912.51 .4e
I_e.6 7.171 .28 .5511.61:_[1.4914.0 .}7 2,030 .._= 1.8012.91 .be
_'_-._- 8.761 .24 .5215.3981.6tl4.g .28 },680 .:1 1.7914.31 .58
IOa.b 9-711 .21 .891b.512 1.89!b 2 .32 7,268 .'_ 2.4113.21 ..q-u
157.5 9-921 -35 .3312.499 1.6513.7 -55 2,499 .]3 1.6513.71 .85
152.2 10.731 .22 -61_1_.91_ 1.75!6.0 .24 4,924 ._4
149.2 11.231 .25 .594,160 1.806.2 .47 5,145 .'tS
145.7 12.181 .22 .�& 3,816 1.78 6.6 -59 5,063 .'.I

42.4 i}.29J .23 .52 3,931 1.84 6.5 .42i5,E01 ._9
l __

86.5 2.16!0.27
87.0 2.221 .19
80.7 2.58f .30
i76.8 3.651 .29
78.} 3.671 .19
72.9 _.3_1 .31
71.9 4.57_ .21
68.2 6.011 .25
45.9 6.061 .28
68.2 6.451 .26
61.2 7.711 .24

.o 8.671 .21
62.5 8.961 .22
95.2 lO.251 .23
90.1 ii._51 .22
46.9 12.041 .52

80.4 2.7510.16i
75.6 6.24.1 .191
64.0 9.501 .201

1_.8:13.071 .221
35.0!17.851 .221
29.9120.911 .221

87.01 2.22 o.251
78.31 3.59 .251

69.0i 7.11 .281
62.8 8.80 .2_1

56.1i 9.97 .521
9o.o iLI.33 .321
t_.6 i12.97 .581

I

= 15°; W = 2,390

0.50 5,957 0.65 1.4 0.2715,957 O.._c

•33 1,258 .53 2.3 .2_Ii,226 .._2
.}7 2,249 .80 1.3 .5012,249 .-_7

• 39 3,055 1.02 1.8 ._,t,13,097 ._7
.40 2,378 .74 3.2 .5bl2,602 ._
•47 },611 1.31 2.51 .5915,822 IL6
.43 3,oo_ .95 3.81 .2713,576 .I.3

•51 4,215 1.33 4.01 .3214,408 .I_8

•25 2,195 1.05 3.01 .3512,333 -;5
•58 5,143 1.90 4.21 .2915,934 -,_7

•53 4,852 1.57 4.71 .3515,53o .;1

.66 6,549 1.68 6.51 .5817,578 .,_8

.6_ 6,397 1.76 6.21 .3516,878 ._6

•58 5,8_ 1.83 6.31 .3916,666 ._1

.94 5,608 1.78 7.oi .4516,252 ._-

•57 7,518 2.44 9.61 ._o17,889 .,_

: 30°; W = 933 it
I I

o791966 161o161
1.4712,160 1.04 2.11 .2312.66711.45
1.4612,588 1.46 3.51 -20 e.58811.45

.9812,27o 1.71 4.91 .2212.2701 .99.

.8612,383 1.92 6.11 .28 2.2031 ._[
.£}2,1051.6911,852 1.96 6.61 .z_

ii

"r = 50°; W = 2,i;_0 Lb

0.98 Io.45 1,776 Io.86 I-2.7
1.o51 .38 ..... i1 .ool-2.5
l.h/_I .45 2,6_011.101-2.8
1.821 .18 481, .... ,....

1.881 .39 2,5_t_ I .........

2.21 I .20 1,039 I.... I....

2.55 I .27 2,062, .........
2.651 .484,224..........
2.37 I .i0 467 ..........

1.8515.6 1 .60 2.85 I .29 2,335 ...... : ....

2.7011.81 .58 2.80t .32 3,1841 .... i ....
2.6013.6, h.7 3.011 .26 2,816 ----; ....
2.7613.6_ .ou 3.161 ......... ..... ....

i i

lb

06} 1.410.411071 .25 1-20
• 63 1.6, ._01 .73 .27 8711 .951-2.5
.80 1.3, .'431 .86 .26i1,05411.011-1.7

I.ii 1.11 .4511.19 .5012,4821 .... ....
1.06 .91 ._711.i0 .2_I 55711.09 -2.6

1.38 1.81 .4511.49 .*±,3,57511.26 -2.5

1.15!2.81 .4811.37 .2911,58911.21 -2.6

1.5512.61 .4911.75 .3513,1201 ........
1.1'912.61 .6611.59 .1711,4851 ........

±.b±15.61 .5011.96 .3915,6601 ........

J-.9.1-13.21 ..5412.20 .5513,5811 ........
2.4215.21 .5612.65 ._2_5,5411 ........
2.3513.61 .5812.67 .3314,1861 ........

2.5#13.31 .6412.88 .2713,5301 ........

2.7613.41 .7113.09 .2012,8791 ........
2.7817.21 .6813.27 .....4,4111 ........

0.45 1.6 0.20 0.48 0.75 28 0.47 -2.44

1.o71 .31 .2311.o711.4312, 6671 .51I-5.7
1.46 3.5 .2611.5511.}312,n81.631-6.3
1.71 4.9 .4ol2.o81 .6711,2421 .981-4.9
2.2114.t_ I .4912.581 .4711,0o6 I1.36 I-3.4
2.5614.01 .5612.961 .._11,38011.81!-2.1

0.481 830 0.631 1.}l_._l].,O0110.4:_ o.6610.81o.311o.68

.5512,oo9 .95 2.01 _I. 2,o_ I .55 .9_11.6 .3711.o6.74 4,470 1.75i3.91 %593t .7._ 1.9312.4 .45 2.09
• 7915,10_ Z.931 6.21 15o 15,3681 .7"3 2.221 4.3 .49 2.60

. -,_-- 2.3814.7 I I............. 56 2.87
"'_[_8_,_21 2.41 .6313.24,_14 2.5215.21 .59 5.101

5.4912.51 .5513.49.5)2.91I .11 .55

I
_.._bl 625 I0.70 _-2.6

•_91[,_I ._1-3.8

_,36911.13/-_2
i /....

42 _,}15_----- -'---

5o,,  1....I....
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TABLE III.- CO_FIC]_NT DATA FROM TESTS OF A 5-1NCH-BEAM, 30 ° DFAD-RIBE MDD_

At maximum load At maximum mc_ent

io°ioi c, ic,
T = 30; CA = 208

2.48 27.4 0.27 2.6 0.98 0.71 9-7 48.5 3.6 0.25 i_45 0.4O

2.76 25.5 .30 5.2 1.02 .71 10.5 41.9 4.6 ._0 1.42 .45
3.76 23.2 .46 5.9 1.29 .66 ]2.7 36.9 7-7 ._ 1.71 .43
4.8e 16.6 .66 10.8 1.29 .75 16.6 24.9 _12.8 .65 1.69 .60
5.54 21.0 .80 11.1 i._ .73 15.2 21.0 13.5 .80 1.73 .63
6.26 14.6 -97 13.0 1.38 .72 14.8 18.9 19.2 .93 1.67 .65
8.06 i_.9 1.57 23.0 1.65 .74 16.O 14.9 26.0 1.37 1.76 .72

"r= 6°; cA= 208

2.6_ 54.9 0.37 ).4 1.18 :o.51 9.1 _.9 5.4 o.37 1.18 o.51
2.?4 35.4 .37 3,2 1.36 .55 8.5 47.3 _.4 .35 1.58 .32
6,o5 28.4 .87 11.4 2,33 .59 13.1 43.5 12.7 .78 2.93 .35

.69 ]2.6 31.2 19.5 1.16 5.13 .40
7.81 19.0 1.52 16.7 2.27
8.93 19.6 1.51 19.9 2.56 .65 15.1 L_.I 2_.i 1,45 2.96 -53
%09 20.4 1.53 21.2 2.69 .67 15.8 26.7 29.0 1.43 3.26 .51

10.09 18.0 1.75 22.2 2,52 .69 12,6 21.8 27.1 1.65 2.97 .59

11.48 18.0 12.08 52.1 2.98 .63 15.4 21.9 5_.7 1.90 3.40 .55
12.27 18.o 2.32 56.0 3.o_ .65 15.4 21.6 40.6 2.18 5.48 .97
12.36 17.9 2.35 57.3 3.21 .62 15.8 2o.o 38.7 2.32 3.46 .59

3,16 35.2
6.36 27.2
9.64 19.7
9.69 19.0

12.8_ 18.2
13.25 15.5
14.26 15.9
15.o_ ]2.7
17.88 11.8

2.52 58.0
4.40 lO_.6

5.1o 45.7
6._7 45.0
8.29 57.5
8.63 37.0

1o.00 31.6

o.48 3.4 1._ o.h5

•95 9.0 2.57 .94
1.61 15.5 2.71 .65
1.67 16.5 i 2.71 .65

2.33 27.2 I 5.14 .65

!2.51 _.4 2.93 .7o
2.83 52.1 3.06 .63
3.O9 31.8 2.88 .73
5.7D _0.5 3.O9 .7O

0-53 4.2 1.90
1.0o L_.2 2.85
1.13 .... 2.95
1.59 22.5 5.91
2.03 _o.9 4.58
2.21 35.1 4.52
2.47 .... 4.47

2.62 _6.7 o.51

2.71 i31.9 .9_
2.9_ 33.2 .52
3 ._ 33.5 .62
4.2o 32.1 .?D

6.26 27.0 1.02
6._5 29.3 1.10
6.87 32.o 1.m.
6.89 26.9 1.24
7.27 24.7 1.35

8.09 24.2 1.48
20.2

9"22' _5-7 1.78

9.27 I 22"9 1.76

9-35 1.79

9.69 19.7 I1.73
I

9.81 92.6 I 1.76
9.9_ 21.6 1.91
9.97 e2-5 1.76
lO.O 21.8 1.67
lO.5 2]'.8 1.85

ii._ 19.1 2.17
12.29 18._ 2.]'8
13.23 14.2 2.7o
i).65 20.4 2.69
i_.29 16.7 _.00

14.69 18.3 5.15
16.48 15.6 3._
16.95 17.7 5-_
17.20 15.9 5.Ti
18.6]. i4.7 4.23
_o.55 11.8 4.48

1.6 o.99 I
2.7 1.o6
2.0 1.16

2,7 1.41 i
4.0 1.79

6.5 2.03
7.1 2.53
8.0 2.75
8.8 2._
8,1 2.47

U..3 2.69
13.5 2.65
13.4 2.99
13.o 5.31
1o.3 2.76

13.7 )._
16.o 2.99
1_.o 3.16
.... 2.86
17.2 5.15

17.4 3.2o
21.9 3.24
19.6 3.o_

_.6 5._
o0.2 3.41

27.3 _.o3
)0.5 3.74
32.4 4._
_.1 3.55
39-9 4.o6

59.9 3.61

At maximum draft At exit

14.5 86._ 1.72 0.o6 0.7 n.6 ...........
15.2 72.8 1.73 .19 2.3 ]2.0 ...........
17.3 73.0 2.18 .31 5.7 Lt.? ...........
19.6 71,_ 2.82 .36 5.2 ]2.8 ...........
17.8 70.4 3.05 ._o 2.2 5.5 ...........
16.3 61_.8 5.13 .33 4.2 8.8 ..........
3-6.9 90.8 5.75 .91 10.4 11.4 ............

9.1 65.7 1.9o 0.26 2.1 8.1 ...........
9.7 68.9 1.72 .25 2.0 8.7 ...........

16.2 64.4 3.32 .49 8.0 16.3 ...........
£6.5 99.7 5.8_ .57 7.6 15.2 ...........
16.5 65.2 4.29 .61 8.3 13.6 ...........
17.4 61.2 4.47 .62 8.0 ]2.8 ...........
16.3 60.3 4.62 ..........................
18.1 _1,6 4.91 ..........................
18.5 49.1 9.14 ..........................
16.6 47.3 5.08 ..........................

•r = 9°; CA = 2o8

6.9 39.2 _4 0.48 1.1P._,0.45 6.9
9.4 39.9 _[ .8_1. 2.8_ .29 ii.0

9.5 31.8 20.4 1.43 3.70 .58 14.1
9.8 E7.9 ].9.2 1.49 3.52 .47 12.7
11.5 2_.7 29.5 2.17 3.89 .47 13.4
i0.0 25.4 52-7 2.14 4.19 .h6 15.0
11.2 2]..7 9.8 2.6O 3-_ .46 13.2
10.1 21.4 _3.8= 2.79 4.22 ._8 19.5
10.6 _.2 52.5 ' 5._ 4.58 .49 I _5.6

= 90; CA = 5_O

0.57 7.5 80.8 h.9 0.93 2.23 0.18 9,1

.60 ll.O 57.1 12.9 1.00 3.31 .43 ]2.7
•55 ..................................
•65 14.0 59.6 2_.8 1.47 4.78 ._i 16.7

.6_ 15.0 45.9 33.3 1.95 9.02 .53 16.9

.63 15.7 41.6 37.3 2.17 4._ .58 17.0
.65 .................................

= 15°; CA = 308

]

O.kl I0._ 5.1!52.9 2.4 0.5]. 1.1_ 4.7
.42 4.8 51.9 2.7 .Sk 1.06 .42 k.8
.41 3.7 _.9 2,2 .52 i._0 .11 1.3

.49 4.) 57.6 5.1 .61 1.49 i_ 4.9._5 5.2 _.1 4.2 .7_ 2.02 [ 5.5

.90 6.1 41.4 7.6 .94 2.56 .18 7.8

.49 6.2 _9.3 7.i 1.10 2.53 .49 6.2

.38 6.4 39.1 8.3 z.u_ 2.99 .21 7.2

•51 6.9 38.6 9-7 1.15 2.99 .21 8.2
.94 5.8 31.6 9.0 1.27 2.82 .35, 6.8

._ 7.g 31.8 11.9 1.43 3.13 .35 8.0
£3 7.3 29.1 15.o 1.66 3.35 .42i 8.7
•57 7.3 33.0 15.1 1.57 3.69 .31 9.3
.9O 8.1 36.3 1_.2 i.Slt 13.90 .26 9.6
.66 3.7 _0.2 14.7 1.68 I 3.61 .36 8.5

-6O 7.5 ],3.2 1.9.5 1.62. 4.09 ._ 9.2
.99 8.1 ],1.7 17.9 1.77 3..73 ._, 9.7
.56 7.7 33.0 19.8 1.6115.9_ ._0 9.5

"6° " -o - i- -'_g ii-_
[

7.7 280/20.0 2.034.074o 95
.6_ 8.9 28.3 :ae.o 2.]2 4.29 .39 10.1
.76 7.0 _.3 29-9 2.63 4.16 .52 9.3
•56 8.5 _4.7 25.8 _.47 4.3_ .45 lO.1

•67 8.o 18.8 2k.8 2.97 3.74 .63 8.6

.62 8.4 _o.5 _8.7 _.9_ 4._ .56 9.4

.67 8.3 ]'0.2 34.6 2.80 5.61 .28 11.9

,63 9.1 20.3 _.2 3.23 4.51 _I 10.2
•69 8.9 17.8 37.4 5.66 4.29 [_,_, 9.9
,69 9.1 _0.7 _.5 3.85 5.14 .51 11.2
•71 8.6 16.9 46.6 4.18 k.68 .56 10.8

6o.1 1.7o 0.37 2.7 7.2 ...........
_.5 3.1o .99 6._ lO.3 ...........
9_.h 4.5o .8o ]2.5 15.3 ...........

_.5 4.42 .80 11.5 14.3 ...........
48.3 5.ol 1.17 16.3 13.8 ...........
90.9 5.)o 1.o7 16.3 15.0 ...........
1_6.0 4.99 1.51 16.6 10.8 I_5.3 -o.18

_7.8 5.53 1.45 20.3 13.9 135.7 -.2_
_2.9 6.o4 ..........................

101.5 2.32 0.46 4.0 8.6 ...........
96.3 3.96 -75 10.6 14.0 ...........
98.6 4.m ..........................
9_.], 5.58 .........................
_.8 6.47 ..........................
81.7 6.73 ..........................

78.4 %06 ..........................

45.2 1.25 o.&8 1.6 3.2 lO8.0 -O.6O
49.9 1.18 .43 1.0 2.2 109.7 -.52
48.8 1.]'0 .48 1.2 _.5 L]2.5 -.._-
_2.3 1.58 .52 2.0 ],.7 u5.6i --59
90.1 2.o5 .65 2.8 _.2 115.7= -.58

48.7 2.6], ._ 6.4 7.4 ]27.9 -.43
_9.4 5.03 .90 9.6 6.0 ...........
_9.8 5.06 .86 5.6 6.3 z_W.4 -.42
&7.O 3.O8 .96 6.5 6.6 ]23.4 -.46

45.4 3.10 .96 7.]. 7.i ]21.0 -._2

47.0 3._0 1.04 8._ 7.8 L_.7 -.g_.
46.7 3.85 1.16 ].1.1 9._ 128.7 -.3],
48.0 _.02 1.16 lo.], 8.5 ]29.], -.37
48.3 4.O9 i.x6 ]2.0 9.9 ]27.O -.ho
_6.9 4.04 1.15 io.5 8.9 124.i -.41

.51.3 4.51 1.05 9.4 8.9 ...........
.5o.5 h.]2 1.04 lO.7 9.9 1_6.5 -.32
91.o 4._ .99 9.4 9.1 ...........
49.5 3,97 .98 ......... 133.9 -.31
47.6 4.],1 1.26 14.8 11.4 i],],.9 -.],9

49.6 4.74 1.18 12.0 9.8 134.0 -.32
_9.1 4.96 1.24 i],.0 I0.i 146.0 -.26
46.1 5.],8 1.51 1%]. 11.o 1&0.7 -.27
_7.3 5.32 1.36 14.o lO.O 1_9.8 -.29
45.9 5.47 1.46 lh.3 10.6 149.1 -.21

_/*.2 5.85 1.62 19.7 11.7 147.4 -.20
_3.8 6.o6 1.65 _'0.4 1_.0 1_.o -._o

_.2 6.22 1.76 _o.9 u.5 19o.3 -'u°l.a_
,3.1 6.16 1.85 21._. lk21[_ XWt.O41.5 6,62 2.18 27.8 141.g -.17

42.0 6.75 2.06 20.2 9.4 137.4 -.16
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TAI_E III.- COEFFIC_'f DATA FROM TESTS OF A 5-IN6_-BFAM, 30 ° DEAD-RISE MODEL - Concluded

At maximum load At maxim_n moment At maximum draft At exit
70, I . _

t
3.2] 139.i Io.681 24

9.4;129J411.291 8.:.

8.7_ 133._ 11.96118J.
lO.1. c 121._ 12.22118..'

ii.0( 127 .-- 12.90124.(
13.7] 150.; I 3.o3134._
15.4_ 119.113.76157.(

18.9_ 119.] 14.35146.(

5.15155.410.75 5.7

3.55 I_-_.._ I .86 ....

4.94140.711.18 8.3

6.09157.111.5o 6.."
6.8_1 56.711.56 12.1

7.17132.ei 1.59 10._

8.76129.612.12 18.4

9.71152.612.29 22.3

9.92129.ei 2.55 25.6

10.73127.612.52 20.5

11.23!27.2 2.61 24.5

12.1824.1 2.78 26.1

13.29i25.4 5.11 51.3

2.161 55.9 0.5"( 11.4

2.22139.7 .62 2.4
2.581 58.1 .81 4.9

5.65153.4 .9_ 7.4

5.67135.7 .93 5.5

4.381 5_.3 1.26 9.7

4.57136.2 1.18 8.3

6.o114o.9 1.56 13.1

6.o613o.9 1.69 14.9

6.45142.6 1.77 15.8

7.711 55.2 2.01 18.5

8.67132.5 2.29 19.9
8.961 53.0 2.35 21.4

10.251 50.5 2.70 27.4
11.351 26.5 3.05 51.9

12.04155.9 3.66 49.0

2.75130.9
6.241 34.5

9.501 30.7

13.071 25.7

17.851 18.5;

20.91115.8i

2.22 52.2

5.59 47.0

7.11 46.4

8.80 36.2

I 9.97 45.1

I ii.351 58.5

112.971 40.7

•I- = 19°; C A = 500

I1 , I0 ,1 5 e1 1 2 ,1 9,0 40, ;5! 0.51
12.3( .581 6.4142.5 8.21£.11 12.691 .521 6.8 i7.(15.0g .92

i_.o] .471 9.0133.9118.411.9( 14.Oll .471 9.0 _9." i_.85 1.30

13.2_ .681 8.0155.0125.812.1_ 1_.59_ ._3110.8 ',9.! 5.45 1.39
14.5( .561 9.5_27.2124.612.5(it_._01 .561 9-5 39.'. 9.86 1.41

15.5_ .47111.1 37.5139.112.g( lb.211 .55115.0 r_�J 6.91 1.45
14._ .671 9.7 28.1148.015.7( 15._61 .47112.5 _.] 7.41 ....

15.O( .66110.2 29.1 59.1!4.Ot 16.721 ._II14.0 if.( 8.07 ....

•i" = 15°; CA = 400

[2.1510.57 4.7 71.91 4.0 o.7o1235!o.o_ 5.5 4.0 2.35

12.101 .50 ................. _............ ,.8.4 2.52
12.821 .48 6.8 5_.51 9.1 1.14 5.26 .2_ 7.7 r;9-5 5.46

15.251 .58 4.7 42.61 6.6 1.50 5.55 -5] 4.9 ';'2.1 4.57
13.441 .59 7-5 52.7113.9 1.46 4.20 .2(. 9.2 -6.6 4.50

13.581 .66 6.2 45.1 12.5 1.59 4.51 .4E 7.4 '6.9 5.50

15.861 .65 8.4 34.5 19.9 2.084.29 .5. = 9-5 '1.5 9.65

I_._l .57 9.4 49.6124.9 2.O3 5-79 ._. 11.8'6.0 6.35

13.951 .57 9-7 29.6125.6 2.55 3.95 .57 9.7 ['4.3 5.68
1_.201 .62 8.7 )o.1125.8 2.52 4.45 .56 10.0 '5.2 6.84

I_._11 .65 9.0,55.6130.3 2.17 6._7 .15 15.5 _8.6 6.75
Iq-.271 .69 9.1i42.7134.7 2.63 6.23 .37 12.7 3.47.25

9.71 2.95 .37 7.59['*-_21 -67 i 42.7141.4 6.65 15.6 "0.2j
I i -- I

-r = 15o; CA = 530

1 52 o44119.3155.91i1.4' 0.57

1.27 .661 3.7152.21 2.9

1.91 .351 5.915111 4.9

2.44 .371 7.6166.51 7.5

1.78 .641 5.8167.61 6.1

•15 .411 7.51_1.311o.3

2.28 .6616.614b.el 9.9

I l_ 156_ 8.11_2._115.5
2.52 %31 8.51_u.&t15.8

516& .551 8.61_7.5_17.0

5.77 .571 5.91_t_._21.1

4.o2 .671 9.1158._123.4

4.23 .641 9.3152.5125.7

4.59 .641 9.8151.71 51.2

4.27 .711 i0.iI 51.71 40.2

5.85 .98t12.91 _.:_l 52.8

.60

•811

1.2_1
1.161

1.4-'[I

1.091

1.7_I

1.O#_l

2.011
2.041

2.381
2.491

5.461

I" = 300;

0.68 2.1 1.o810m2 2.7 5o.912.110.681

1.42 5.4 2._91 .29 3-5 _I.UI 6.71]..59t

1.98 9.0 5.501 -35 4.1 50.71 9-011.981
2.71 16.1; 4,.101 .48 5.2 25.71 ].6.11 2.711

5.89 27._ +.e±t .57 6.2 25.51 25.71_.671

4.28 29.6] 4,.701 .62 6.0 21_._i55.61_.051

-r = 50 °

0.90 1.6 1.52 i3.57 1.5 58.51 1.910.90
1.28 4.7 2.27! .41 5.2 90.7 4.811.28

L3.4 6.5 56.5IL3.812.18

4.21i 5.54.62 5.6
2._2"21 L8.5 5.70 [_-8 ....

51 '521m'41:.m
2.c_q ............

6Z98 "6-_ _7.71-_6.41
_._01 __4.016 O_ .53 _.12

,.b_,j _57.41 58.91 '5.41 '.57

1.5210.44 19.5
1 521 47! 4.4

1.911 .55 5.9
2.661 .22 8.1

2.551 .18 6.6

5.521 .32 8.1

2.701 .48 7.5

5.671 .56 8.9

2AJ�I .53 90

_.581 .59 io.51

5.611 .53 12.11

5.651 .57 12.01

6.tol .34 z2.71

6.631 .35 14.01 !).417.41

6.671 .74 _.71'_._ 7.84

C n = 208

1.o I .42i .6Jl. Ol
2.561 .04 g.21 ,L.812.561

5.501 .55 g.ll ;).91_.751

*.lOl .48 5.21 _.014..981

_.511 .41 t).ll .._, 5.191

3.]_ttl .38 7.21 ).21_.101
, , , i ,

CA = 5_0

L-58 ).2411.8_..71L.62

_.63 .28 5.51 .-.5 _.9_

5.52 .45 6.01 "L�I ).25!

7
_37 25 8.6_Z).91_.571

1121.....Iiilii6.41 6.6 .....

L3.N lO.O .....

L8.0112.5 .....
L6._I 11.2 .....

L9.51 13.0 .....

/

0.661 3.._ 5.] 176._-0.5_

• 971 7.. _ 7-_

• 931 5..: 5. t
•951 8.." 8._ --

•911 6J 6.( ..........

1.1o111.." 9A

1.241 14._ 11..:

•771 4._ 6.(
t .1_I 12._ it .._

1.42118.1 12.t

1.34119._ 13._.

!4.91 1.71

! 5.51 1.75

! 5-31 2.07
!2.91 2.76
!8.51 2.64

i8.81 3.57
!2.81 3.28

!.3.214.19

i2.71 3.81

! L.91 k .70

_).31 5.27
_6.oI6.57
?T.ol 6.41

!;.816.90

3._8i9.2,xa.61l�_.d -o.61
.3±1 z.bl 3.11198.41 -.7_

.57_ 2.31 5.9119_._ -.4(

.721 6.01 8.01 ..... I .....

.Sbl 1.51 2.31204._ -.5_

L.tOI 9.61 8.91220._ -.45
.8oi 4._i 5.31209.(_ -.45

L.071 9._I 8.71 ..... I.....

L.15110.11 6.51 ..... 1 .....

..19111.21 9.li ..... I .....

. ._,bt 17 .Of 12.51 ..... I

141,1  i......16.5I 12.71 ..... I

:_.1___18.2_1_2,..... i
....I....I.....I

1.65 O.ii 0.I 91.1 -0 62

•39 e._l 4.21 92.61 -.69i

._ a.a 4.1 lO5.S_-.481
t.151 L1.71 4.8 114.41 -.32,

_.731 __2.01 7.01230.01 -.20 i
i , i i

'i

12 12 4 A-075
5.o2.3.12 L6.1 6.6 87.8t

.....
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IV.- EXP_IM_TEAL DATA FROM TESTS OF FIAT-BOTI_M (0o DEAD R_SE) 5-INCH- AND 8-1NCH-BEAM MODELS

At contact At maximum load At _axlm_m draft At exit

fill I IVo, Zo, Xo, 70, t, Ct nl CL z, Cd i, C£ My, Cm Ce p Ct nt Cd

f_s deg sec ft _pe sec ft sec fpE

7 = 3°; W = 1,196 ib; CZ_ = 62.5; b = 8 in.

82.55-)82.52.290.0779-5 ).549.2/ 3.19 D,282.10.651,7710.94.5 ).247 50.9 0.27 0.ii O.58 0.5810.767 -O.7

52.84.552.64.89 .0866.8 .52 .50 _,J'_°i_>_ 5.1 ._ 2,7625.46.9 ,,5928.4 .28 .27 .711.07 ..........68.86.768.95.61 .0798.1 L.02 .58 i i 4.5 . 5,865 A.37.5 .27428.2 .97 .32 .821.19 .........

57.57-557.17.25 -0796.51.12 .91 .46 .685.0 .686,7287.17.8 .29125.1 .56 .46 .951.42 .951 -._

54.2 7.095.87.58 .0786.51.07 .98 .47 .704.7 .686,972 7.8 8.0 ._O52h.6 .56 .51 .981.47 .529 -1C

T = 50; W = 2,472 Ib; Cn = 135.7; b = 8 ln.

85.52.989.31.97 D.0956.80.300.249.149.222.60.892,38_ 1.14.80.59590.50.190.150.950.82 .........

84.02.98_.02.20 .09511.7 .27 .22 .26 .592.2 .752,1511.14.8 .56545.8 .17 .14 .53 .80

8_.5 h.58%.22.94, .16220.5 ,40 .29 .54 .8202.4 .565,9_ 2.79-5 .16220.9 .56 .29 .761.28 .........

68.1 5.9,68.0 5.51 .084 8.6 -55 .41 .29 .455.5 .835,2992.96.1 .419i42.8 .29 .31 .791.19 .........

68.0 4.2 67.9 5-51 .o91 9.5 .56 .45 .53 .49 5.5 ._0 4,582 5,5 7.4 .411 42.0 .27 .54 .85 1.24 .........

60.6 4.c 60.5 5.77 .o91 8.5 .31 .48 .53 .50 5.2 .81 5,518 5-5 6.9 .091 8.3 .25 .56 .88 1.31 .........

67.5 h.9 67.4 4.17 .090 9.1 .45 .5_ .59 .58 3.6 .74 5,710 4.4 8.0 .O90 9.1 .52 .40 .97 1.46 .........

69.8 6.7 69,4 5.50 .091 9.9 .68 .80 .53 .79 _.7 .71 11,964 8.6 10.7 .o91 9.5 .44 .52 1.15 1.7o .........

* 6 o W = 1,156 ib; Cd = 62.5; b = 8 in.

81o 56 m.o 2_ _.09811.9074 0.50o.28 042 1.9D._ 2,5_ 14 _[_ 0.1_ _5.2 0.550.22036 0._. 0.5-1._1
I

65.16.664.7 9.84 .O807.81.O7 .68 .49 .68 ........ 5,9285.2 ._916.2 .60 .58 .781.16 .68_ ....

6h.68.16_.I 7.21 .0747.21.52 .85 .52 .785.2 .655,2294.4 _.i .265!17 i .60 .59 .951.45 .772 -2.5

52.89._ 52.O 10.51 .0776.11.501.25 .64 .956.9 .755,2766.65.2 .52717.5 .55 .511.582.071.150 -2.0

= 6o; W = 1,912 lb; C_- 105.4; b , 8 in.

82.45.8 _2.52.6_ O.10915.50.9_ O._ 0.590.952.50.665,314 1.75.00.26_ 53.10.40 D.26;0.53 0.80 0.6@9 -i.71

i

59.25.998.95.76 .0988.7 .65 .80 .52 -794.6 .77! 4,7424.75.9 .58_ _.o -55 ._2 I.o71.601.159 -1.2

52.77.452.28.10 .0957._ .791.20 .64 .969-7 .766,50_ 7._ 6.6 .42555.4 ._ ._41.452.1414o2-i.0

46.68.249.8'10.15 .0886.1 _791.62 .66 .996.3 .77 6,705 io.66.6 .46852/ ,55 .721.692.551.4_ -1.2

= 60; W = 2,472 ib; C£_ = 135,7; b = 8 in.

85.65.585,5 2.26 O.10913.7 O.590.52 O.52 O._ 2._ 0.702,6281.54.10.L_9456.80.55!O._6 D.5110.76 O.792 -1.4
42.05.441.8 _.65 .180 iI._ .23 .75 .53 o_ 2.4 .722,5794.76.3 .57055.9 .19 .50 .951.95 .........

62.29.861.95._5 .iii 10.4 ._i .65 .54 i_!4.2 .75 _,O_i 5.65.5 .45140.2 .27 .401.151.701.520 -1.2

68.1 6.6 67.8 5.51 .102 10,41 .6_ .78 .60 8g 4.8 .73 6,58_ 4._ 6.1_ .597 40.6 .59 ._ 1.22 1.83 1.2351-1.4
56.66.056.56.O5 .1199.7 _ .95 .95 6O :_ 4.9 .756,1666.77.O I .49258.4 .28 .511.2_ 1.86
52.4 6.2 52.1 6.80 .120 9.4 .49 1.02 _69i .97 .........4.6 .756,1157.77.5 .510 _0.i .28 .601.452.18 .........

57.17,256.77.29 .1079.2 .651.14 .70 i.O_ 9-9 .777,9508.17.0 .477 _O.9 .52 .561,99 2.55 .........

56.19.195.49._ .ICO 8.4 .851.51 .781.176.8 .7410,42811. 57.6 .47039.9 ,57 .681.812.72 .........

49.48.448.79.85 .1088.0 .62_1.46 .751.106.4 .767,27610.47.1 .51_ 58.0 .51 .751.802.701.752 -.8

56.210.255.2 i0._2 .1099.2 .921.67 .921.527.i .7012,57_ _5.68.1 .46939.9 .36 .661.972.96 .........

55.611.5 _.4 I1.91 .O877.51.O72.00 .87 l.)O 8._ .7315,91015.67.8 .91542,8 .39 .722.285.42 .........

T = 60; W _ 955 Ib; C,% = 208; b = 9 in.

89.44.2 @9-52.710.09019.50.62 O.43 D.120.282.90.681,8065.27.53.29062.2 O.25 O,160.50 O.71 ).677 -I.i

78.94.978.7 5.59 .08516.1 .65 .56 .18 .455.6 .74 1,8804.5 7.6 .29555.9 .51 .28 ,901.20 .@90 -I.O

68.4 7.468.0 6.17 .08515.6 .861.O2 ,_4 .815.9 .74 3,118 9.5 9.5 .52555.1 .40 .47 .882.121 .........

65.2 iO.562.5 9.95 .06910.51.311.82 .h511.O98.6 .82 6,12221.912.O ._4952.9 .48 .671.575.50 .........

59-5 iO.I }8.214.80 .11210.6 .955.57 .781.587.2 .714,827 _.O 15.O ._41'41,8 .561.971.764.25 i._35 -1.6

= 60; W = 2,459 Ib; C_ . 9/_; b . 5 Ir_.

87.14.887.05.130.17636.8 O.38 O.72 !O.761.855.00.625,8267.29.90.45_ 95.30.27 O.511,172.81 ......... I

77.75.977.54-O7 .17031.7 .58 .92 .821.975.7 .674,0599.6 i0._ .51596.1 .19 ._71.58 5.51 ......... i

68.16.167.85.1_ = .20555.9 .391.251.O92.614.1 .675,94517.115.8 .................... 1.51 ).I_ .........

46.56.246.17.70 .19021.2 .271,821.O92.624.8 .765,6_ 24.515-5 .67¢ 74.8 -271.792._O 5.51 .........

62.38.861.78.(>8 .15022.42.052.0" 1.191.746.8 .77 ................ .90575.6 -792.962.42 _.80 .........

= 150; W = 1,156 ib; CA • 62.5; b - 8 in.

81.65-£ 81._= 2._9 D.IO615.O i.O_ 0.420.260.40 I.C 9.282,3471.22.80,156116.610.8_ 0.369_ O[2_ 0.450.5O9 -2.669._ 5.469._ 4.90 .iO3 iO.71.14 .6_ .45 .672.7 .902,7172.05.0 .17818.5ii.O_ _ .82 .418 -5.2

69.7 6.769._ 5.55 .102 I0.71.57 .76 .55 .835-5 .525,4512.55.1 .19_ 20.1 l.iC [6111.07_ 1.05 .455 -4.055.77.652.68.45 .1058.91.161.08 .671.005.0 .645,2595.95.5 .29020.1 .8_ .79 . _ I._ .6_0 -_-5

91.3 9.5!50-_ 10.65 .i05 8.2 1.58 i._i /.81 1.20 6.0 .6_ 4,781 6.5 4.5 .265 20.2 .89 .91 1.2E 1,88 .689 -3.7
58.97-_ 57.z 12.o5 .Lt97.o .871.62 .821.2_ 5.9 .695,0557.o 4.2 ._49 _o.4 .52 .9_ 1.5_ 2.09 .976 -2.4

41.7 10.4 40._ 14.48 .088 5.5 1.57 1.96 .82 1.2] 7.5 .70 4,005 8.0 _.0 .525 80._ .41 .65 1.91 2,_7 .896 -5.5

40.7 ll.O 59.2 15.72 -095 5.7 1.39 2.25 .85 1.2_ 7.i 1639 5,1_ i0.9 4.7 .525 19.7 .7211.16 1.5£ 2.37 .917 -3.756.7 11._ _.7 18.95 .089 4.7 1.56 2.77 .89 1.3_ 8.7 _,6O3 11.9 _..l -370 20.4 .52 1.04 1.86 2.82 1.11' -3.1

55.912.C 55.919.52 .08_ 4.51.2i 2.83 .881.5; 8.7 .734,6_712.54.5 .35919.4 -551.141.8_!2.821.10_ -5.2

v = 150; W = i_574 ib; CZ_ = _.I; b = 8 in.

79._ 5.579.72.570.114 ID._ 0.650.400.2_ 0.5( 1.70.921,7771.02.4=0_18_ 22.0 ......... 0.290.450.598 -i.7

68.66.668.5 9.55 .11211._ i.i_ .87 .57 .8_ 5.8 .574,60_ = 5.43.8 .22423.0 .......... 781.16 .529 -5.6

90.i 9._ 49.510.55 .I148._ 1.111.62 .851.2:, 6.9 .715,4557.6 _-55.2 .525 24.5 .61 -55 1.4' 2.2/ .8_ -5.625.37._ = 22.018.81 .159 5.£ .5; 5.9o .9_ 1.469.9 .782,91918.71 .65822.5 .25 I._5 2,18 5.28 .........
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TABLE IV.- EXP_IM_ITAL DATA FROM TESTS OF FIAT-BOTT(_ (0 ° DEAD RISE) 5-I_CII:.ARD 8-1NC_-_%M MDD_S - Concluded

v = 19°; W = 1,912 lb; CA = 105._; b = 8 in.

_!_o_6 2,9_ _.5 _o_.__o_o_o._ 5o_0e-2_

"-_.3 _.B _ 1.29 2.W8 _.72 .........

v = 150; W _ _,_7_ Ib; C A . 15_.7; b = 8 In.

= 19°; W = 9_5 ib; C_ = 208; b = _ in.

I
v = 15°; W = 2,g9_ ib; C/_- 9AA; b = 5 _n.

v = _0°; CA = I

= _o°1 w . ].,196 ib; c_ = 62.9; b = 8 tn.

• " " ._l ._1-_-_
.911 ._.59_-_._

__1_,.81 .6_I L_o61 _,._,1 _.ol _I17.DI_._ILL_I, .99 _._,81 .,_71-_._
_-_l ._5_1-_-_

_-_I .el_a_._l _.}I._oBl_.-l_._ _._el_._ _._I ._6_I-)._
__J_._ .._I._._I__.._I__._I.}_'I_.BI._IL_II._ _.)llL_O_l-_._
_. __I.__I._Iv,_l9._I__._I.)oq_a._l._I._11.__._I.+_-_.c

__B__ _.,9l.._lJ,.-"

v = 30°; W = 2,_72 ib; CA = 139.7; b _ ] in.
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= 0°; b = 8 in.

= 0°; b = 5 in.

= 30o; b = 5 in. L-58-25D8

(b) Photographs of models mounted on the Langley impact-basin

carriage boom.

Figure i.- Concluded.
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